Background: The effect of maxillary implant overdentures on masticatory ability in edentulous
| INTRODUCTION
When patients are provided with conventional dentures, improvements are reported with regard to aesthetics, comfort, and speech, but the improvement in masticatory ability is often unsatisfactory and patient satisfaction is thereby often rather low. 1 A common way to try to improve masticatory ability and patient's satisfaction is to place implants to retain a mandibular 2, 3 and/or maxillary 4-7 denture. It has been shown that patients treated with mandibular implant overdentures can chew better, 8, 9 need fewer chewing cycles, 10 and can eat hard food better 11 than patients with conventional dentures. Also masticatory ability and bite force are improved by implant overdenture treatment, but neither of them work at the same level as individuals with natural dentitions. 12 However, no studies have assessed the masticatory ability of both maxillary and mandibular implant overdentures yet. 1, 8, 10, 11, 13 A variety of methods are used to measure masticatory ability and the degree of breakdown can be measured using real test foods (peanuts, carrots, etc) 8, 14, 15 or artificial materials (eg, Optosil and Optocal). [16] [17] [18] [19] The consistency of the latter two materials is more standardized than that of real test foods. Studies have shown that patients with a compromised oral function are not always able to fragment the real or artificial test food; their maximum bite force can be below the force needed to break the test food particles. Other methods to assess masticatory ability include the evaluation of: mandibular border movements during chewing and chewing patterns; 20 swallowing threshold; 2 jaw muscle activity and maximum bite force; 10 blood plasma levels of homocysteine, vitamin B12, vitamin B6, albumin, serum folate, and Creactive protein concentrations; questionnaires to rate the difficulty associated with chewing foods of various textures; 1 body mass index; 13, 21 and two-colored gum mixing ability tests. 11, 13 Of all these tests, the two-colored wax mixing ability test is much better at discriminating between people with compromised masticatory ability. 22 Therefore, this test was chosen for the current study.
As mentioned above, no studies have assessed the masticatory ability of both maxillary and mandibular implant overdentures. 1, 8, 10, 11, 13 Therefore, the aim of our study was to assess the objective masticatory ability (mixing ability test), the participants'
reported (subjective questionnaire) masticatory ability as well as the participants' satisfaction (general satisfaction score) with the provided maxillary implant overdentures 1 year after placement. These parameters were assessed for two groups of participants from an randomized controlled trial (RCT) about the treatment outcome of maxillary implant overdentures on a bar attachment system or a solitary attachment system (Locator; Zest Anchors Inc, Escondido, California).
| MATERIALS AND METHODS

| Patient population
Between January 2013 and January 2016, a total of 50 consecutive patients were approached and included in this RCT with parallel design at the Department of Oral and Maxillofacial Surgery (University Medical Center Groningen, The Netherlands [UMCG]). All the patients were referred to the UMCG because of persistent complaints regarding their conventional maxillary dentures. The participants in our trial had to have been edentulous in the maxilla for at least 1 year and they had to have sufficient bone volume to place the implants. All the participants received a written explanation of the study and written informed consent was obtained from each patient after a further explanation in person of the clinical trial. The study was approved by the Medical Ethical Committee of the UMCG (ABR NL43293.042.13) and was registered in the Netherlands National Trial Register (NTR3813). The participants were randomly divided into two groups by the means of sealed envelopes. Group I: participants receiving maxillary implant overdentures on a solitary attachment system (n = 25) ( Figure 1A ); Group II: participants receiving maxillary implant overdentures on a bar attachment system (n = 25) (Figure 1 ).
G.C.B. generated the random allocation sequence, enrolled participants and assigned participants to interventions.
| Selection bias
The random sequence was generated by printing 50 cards (25 with "locator" and 25 with "bar"). The cards were put in opaque, sealed envelopes. The envelopes were shuffled and numbered sequentially. The allocation sequence was concealed until after the prosthodontist made the individual impression. At that moment in time G.C.B. opened the envelop to assign the participant to either group I or II.
| Performance bias
For this study, it was not possible to blind participants and personnel.
It is not likely, however, that the outcome is influenced by lack of blinding.
| Detection bias
Blinding was not possible for the outcome assessors. There is no doubt, however, about the outcomes, because they are derived from a validated analyzing technique for the MAI and the answers of a questionnaire.
| Surgical and prosthetic procedures
All the surgical procedures were performed by one oral and maxillofacial surgeon (GMR) at the UMCG. The prosthetic procedures were 
| Outcome measures
The primary outcome measure of this analysis was masticatory ability by means of the mixing ability test. The secondary outcomes were self-reported masticatory ability (for details of the tests see below)
and patient satisfaction according to their general satisfaction score.
All the parameters were scored before treatment and 12 months after placement of the implant overdenture. All the measurements were done by one researcher (GCB) not involved in the treatment of the participants.
| Mixing ability test
The mixing ability test 22, 27 measures how well a subject mixes a tablet 
| Masticatory ability questionnaire
All the participants were asked to complete a masticatory ability questionnaire. 4, 28, 29 In this questionnaire, participants have to rate their opinion about their ability to chew nine different food items on a 3-point rating scale (0 = good, 1 = moderate, 2 = bad). The items were grouped into three categories: (1) "soft food" (boiled vegetables and potatoes, crustless bread, minced meat); (2) "tough food" (crusty bread, steak, Gouda cheese); (3) "hard food" (apple, carrot, peanuts).
The category total score and each item's total score were reported.
The maximum score was 18 points.
| Patient satisfaction
Patient satisfaction with the maxillary implant overdenture was measured with a general satisfaction score ranging from 0 to 10, with 0 representing a bad outcome and 10 a good outcome. 
| Data analysis
Intergroup differences with regard to the scores of the mixing ability test (continuous data) were analyzed using the Student's t-test.
Intragroup differences for the scores of the mixing ability test before and 1 year after treatment were analyzed with paired sample t-tests. Pairwise deletion was used for missing data and intergroup comparisons. Listwise deletion was used for missing data and intragroup comparisons. The reasons for missing data were not related to treatment or the outcome measures. Missing data was balanced in numbers and with similar reasons across the intervention groups.
Three participants in group I lost one implant during the osseointegration phase (96.9% survival). Two participants in group II lost one implant during the osseointegration phase (98.0% survival). We decided to continue and used the remaining three implants for the construction of the superstructure. One patient in group I requested to replace the lost implant after 3 months of functioning with the implant overdenture on three implants.
All participants were initially provided with pink inserts. Four participants requested strengthening of the retention force immediately after placement of the overdenture. Three participants received two pink and two clear inserts and one participant received two clear and two green inserts. There were no statistically significant differences between these patients and patients that did not request strengthening of the retention force with regard to MAI outcomes, questionnaire outcomes, or general satisfaction scores.
| Objective mixing ability test
Both groups had significantly better post-treatment than pretreatment MAI outcomes (Table 1 ). There was no significant difference in the amount of improvement between the groups (Table 1) . Also, there was no significant difference in pre-and post-MAI outcomes between the groups (Table 2 ).
| Patient reported questionnaire
Both groups had significantly better post-treatment scores on the masticatory ability questionnaires compared to the pretreatment ones; both groups' ability to chew soft, tough, and hard foods had improved significantly (Table 1) . However, there was a significant difference between the groups in the amount of improvement at the scores on the masticatory ability questionnaires and the ability to chew hard foods, in favor of group II (Table 1) .
There was no significant difference between both groups' total scores on the pretreatment masticatory ability questionnaires. There was a significant difference between the groups' post-treatment total scores and their ability to chew hard, tough, and soft foods in favor of group II (Table 2 ).
| General satisfaction score
Both groups had a significantly better general satisfaction posttreatment than pretreatment score (Table 1 ). There was no significant There was no statistically significant post-treatment correlation between the MAI outcome and the total score of the masticatory ability questionnaire (r s = 0.12, n = 47, P [one-tailed] 0.227).
| Participants with or without mandibular implant overdentures before treatment
The scores of participant with or without mandibular implant overdentures before treatment did not differ with regard to MAI, pretreatment masticatory ability questionnaires, and GSS. As expected, at baseline there was a significant difference in in the patients' ability to chew hard foods in favor of patients with mandibular implant overdentures (Table 3) .
| DISCUSSION
Wearing maxillary overdentures on four implants results in an improvement in objective masticatory ability, patient reported (subjective) masticatory ability, and patient satisfaction 1 year after placement. There is a difference between maxillary implant overdentures with a bar attachment system or with a solitary attachment system with regard to the patient reported masticatory ability and general satisfaction score in favor of the bar attachment system. There is no difference with regard to the objective masticatory ability.
As mentioned, the objective masticatory ability (mixing ability test) improved after treatment in both groups. This means that participants with maxillary implant overdentures can mix better than participants without maxillary implant overdentures, regardless of the type of attachment system. The participants of both groups also reported personally an improvement in masticatory ability after treatment, which means that both the participants' objective and subjective results show that they can chew better. a Independent t-test. b Mann-Whitney U test. *P < 0.05, **P < 0.01, ***P < 0.001. GSS − T12 9 (7-9) 9 (8-9) 0.437
,b
a Independent t-test. b Mann-Whitney U test. *P < 0.05, **P < 0.01, ***P < 0.001.
The effect of maxillary implant overdenture treatment on mastication was studied by De Albuquerque Junior. 31 In contrast to our findings, they found no differences in masticatory ability between a conventional maxillary denture and a maxillary overdenture on implants. This observed difference in masticatory ability between their and our study might be due to the fact that Albuquerque Junior et al randomly selected participants from a population wearing full conventional dentures (mandibular and maxillary). Latter participants first received mandibular fixed prosthesis. Chances are, that a big part of these participants did not have any problems with masticatory ability due to a bad functioning maxillary conventional denture before treatment. They found that scores on the masticatory ability questionnaire did improve when the mandibular fixed prosthesis was introduced, but no further after introduction of the maxillary overdenture. Our participants were all referred to the department due to problems with the retention or stability of the maxillary conventional denture, so they did have severe problems before treatment, therefore, for this group, improvements could still be accomplished after treatment.
In the present study, there is no significant difference between group I and II in the post-treatment results for objective masticatory ability ( Table 2 ). This is in line with other literature comparing bar attachments or solitary attachment systems for mandibular implant overdentures. 10, 32 However, the participants' intergroup posttreatment subjective results for masticatory ability are significantly different. Participants in group I felt an improvement in mastication, but this improvement is smaller than the improvement in group II (Table 1) . Post-treatment three of the participants in group II reported problems with chewing soft or tough foods (highest score 2, maximum score 6) whereas nine participants in group I reported a problem with chewing soft foods and 10 participants with chewing tough foods (highest score 6, maximum score 6). Resulting in significantly different post-treatment scores on the masticatory ability questionnaires and with the biggest difference seen for the ability to chew hard foods.
The masticatory ability questionnaire is.
It must be noticed that all patient in group I not only had a solitary attachment system for the maxillary overdenture on four implants, but also for the mandibular overdenture on two implants. It has been reported that the stability of a mandibular implant overdenture with a bar attachment system is better than that with a solitary attachment system. 33 The design of the pivoting Locator male allows a resilient connection. The retentive nylon Locator male remains in contact with the abutment socket while its titanium denture cap has a full range of rotational movement over the male. When using two implants this results in a nonrigid connection, when using more than two implants (like in the maxilla) the denture cap will have no possibility to move over the male anymore. The smaller improvement in group I for the ability to chew hard foods, might be due to the design of the mandibular implant overdenture.
Another explanation for the greater improvement of the ability to chew hard foods in group II participants might be that a number of these participants are in fact denture wearers with slight maxillary denture problems before but whose problems have shifted from the mandibular to the maxillary denture since mandibular overdenture treatment. Those who were fully edentulous at the start, by contrast, may have had more serious maxillary problems, leading to the indication for implant-overdenture treatment for the mandible and maxilla simultaneously. The over-representation of fully edentulous participants with possibly more severe maxillary denture problems in group I could be an explanation for the differences found. Because improvements are more easily reached for the participants with slight maxillary denture problems than for participants with severe denture problems.
The participants are very satisfied with the maxillary implant overdenture treatment as represented by the general satisfaction score (median of 8 and 9 on a 10 point scale). The score is comparable to earlier reported studies on maxillary implant overdentures. 5 There is a difference in general satisfaction between a maxillary implant overdenture on solitary attachments or a bar attachment system. Posttreatment, the GSS for the bar attachment system is slightly higher than the GSS for the solitary attachment. Additionally, the amount of improvement does not differ between the groups. Showing that the evidence for additional value of a maxillary implant overdenture on bars compared to a solitary attachment system to achieve a higher GSS is not very strong. This is supported by the conclusion of a previous study on splinted and unsplinted maxillary overdentures. 7 In that study, no differences with regard to patient satisfaction were found between splinted and unsplinted maxillary overdenturese. The reported GSS in our study for the bar overdenture is comparable to those of others. 6, 31 Also the scores for the locator overdenture are similar to those of others. 7 There is a statistically significant positive monotonic correlation between the subjective and objective results for masticatory ability.
This correlation is weak for the total group, but is strong when comparing the pretreatment results of the participants with complete conventional dentures (without any implants). No statistically significant correlation can be found anymore after the treatment, indicating that the worse the masticatory ability the better the correlation between the MAI and the masticatory ability questionnaire. This finding is in line with an earlier published study. 34 An explanation for the lack in correlation in the group with better MAI scores could be that the mixing ability test was developed for measuring differences in masticatory ability for groups of participants with compromised oral functions, 22 and is less suitable for participants with better masticatory ability. 35 The same applies to the masticatory ability questionnaire; this questionnaire might not discriminate enough between participants with better masticatory ability, as seen by the relatively low post-treatment scores.
Another factor contributing to the correlation between objective and subjective masticatory ability could be that the lower maximum bite force due to pain is the main contributor to the bad reports of masticatory ability by complete denture wearers and not due to their impaired mixing ability. 36 It has been found that a higher bite force results in better chewing efficiency. 37, 38 However this statement mainly refers to methods that evaluate masticatory ability with brittle test foods, which are usually hard. 39 Participants with impaired masticatory ability often cannot chew hard foods at all. The method with a softer wax tablet makes the association between masticatory ability and maximum bite force less coherent, but it is certainly more representative of the type of food denture wearers eat. 13 
| Limitations
A limitation of the current study are the outcome measures applied.
As there is no generally used chewing ability questionnaire, a custom made chewing ability questionnaire was used. Even though this questionnaire has been used in earlier research 4, 28, 29 it is not a widely used questionnaire limiting comparability with other studies.
The general satisfaction score was expressed as a numerical rating scale. A numerical rating scale is in itself a good way of measuring.
However, as a visual analogue scale (VAS) is more widely applied, 6, 7, 31 in future as a routine a VAS should be added to more specific, custom made, questionnaires to ease comparison between studies. Another option would be to use a validated questionnaire such as the oral health impact profile 40 to measure general satisfaction.
A second limitation of our study is the skewed distribution between group I and II participants with regard to the presence of patients with mandibular overdentures before treatment. We did not randomize on this matter. In hindsight, it would have been better to use a more balanced method of allocation of participants to the two treatments, taking possible factors of importance to the outcome such as status of the mandible (conventional denture vs implant-retained overdenture) into account. Another option to prevent this bias would have been to provide all participants with mandibular overdentures first and provide them with the maxillary overdenture later.
The third limitation is the fact that the participants all had a sufficient amount of bone to place implants circumventing the need of bone augmentations before implant placement. Meaning that our results might not be applicable for patients with severe resorption of the alveolar ridge.
| CONCLUSION
Maxillary implant overdentures improve mixing ability, patient reported masticatory ability, and patient satisfaction. Regarding patient reported masticatory ability and patient satisfaction, a posttreatment difference is seen between maxillary implant overdentures with solitary attachments or a bar attachment system, in favor of the bar attachment system. There is a correlation between objective outcomes and subjective reports from participants with full conventional dentures.
